Under-agarose random migration, chemokinesis and chemotaxis of monocytes from 36 patients with Down's syndrome were compared to those of monocytes from 42 healthy, age-matched control children. Random migration of monocytes from patients with Down's syndrome was comparable to that of controls. In contrast, chemotaxis of monocytes from patients with Down's syndrome was significantly decreased (P < 0.001) when com~ared to that of controis, even though chemokinesis was significantly increased (P < 0.001). Age, sex, and physical development of patients with Down's syndrome or of control children included in this study had no apparent effect upon monocyte mobility. Abbreviations CS, control serum DS, Down's syndrome MP, mononuclear phagocytes ZAS, zymosan-activated serum Increased susceptibility to infection in patients with DS (22,28) may reflect several abnormalities in host defense mechanisms involving humoral and cellular immune responses (2, 17) and the inflammatory-phagocytic process (13, 15, 27) . No defect can be singled out as the most important one, hence the definition of the immunodeficiency of DS as a complex sum of several immunologic faults of variable intensity that can change with age (4). Cellmediated immunity in DS is predominantly impaired at its effector site (34): depressed in vitro lymphocyte responses, anergy or weak delayed type hypersensitivity skin reactions and decrease in circulating T cells have been reported in patients with DS (16, 17) , although lymphocytosis with high counts of T and B cells may be found in older, institutionalized patients (34).
Increased susceptibility to infection in patients with DS (22, 28) may reflect several abnormalities in host defense mechanisms involving humoral and cellular immune responses (2, 17) and the inflammatory-phagocytic process (13, 15, 27) . No defect can be singled out as the most important one, hence the definition of the immunodeficiency of DS as a complex sum of several immunologic faults of variable intensity that can change with age (4) . Cellmediated immunity in DS is predominantly impaired at its effector site (34) : depressed in vitro lymphocyte responses, anergy or weak delayed type hypersensitivity skin reactions and decrease in circulating T cells have been reported in patients with DS (16, 17) , although lymphocytosis with high counts of T and B cells may be found in older, institutionalized patients (34) .
MP and lymphocytes constitute the bulk of the inflammatory cells in delayed hypersensitivity reactions, MP playing a crucial role in phagocytosis as well (5) . Accumulation of mononuclear cells at such inflammatory sites depends largely on their response to chemotactic signals. Poor mobilization of these cells may contribute to the weakness of delayed hypersensitivity and other inflammatory reactions in DS (6) . We measured random migration, chemokinesis (enhancement of random migration) and chemotaxis (directional migration) of MP from patients with DS and compared them to those of healthy age-matched children. We employed the agarose-plate method (21) , which is less expensive, simpler, and more reproducible than the Boyden chamber method, even though the relative sensitivity of the two assays is still somewhat controversial (14, 19) . Only MP of a mononuclear leukocytes population seem to contribute to the migration pattern using the agarose device (21) .
MATERIALS AND METHODS
Patients and controls. Thirty-six home-cared patients with DS (Trisomy 21: 14 females, 22 males, 6 months to 7 years of age) were studied. None of the patients had leukemia, suffered of overt infection or took any medication within 2 wk of the study. Fortytwo healthy children (15 females, 27 males, 6 months to 7 years of age) undergoing elective orthopaedic surgery, and matched as closely as possible with the patients for similar age and sex were used as controls. Differential blood counts performed before the study were normal and comparable in patients and controls. The children were further subdivided according to their physical development (25) to ascertain the effect of this parameter upon MP locomotion. Written consent was obtained from fully informed parents or guardians in all cases.
Preparation of cells. Five ml of fasting heparinized (10 units of sodium heparin/ml of blood) venous blood were obtained between 8 and 9 AM in all cases. Mononuclear cells were isolated on a Ficoll (Sigma Chemical Co., St. Louis, MO) Hypaque (Winthrop Labs., Mexico) gradient following the method of Boyum (3). Cells were washed three times with RPMI-1640 medium (Gibco, Long Island, NY) and were resuspended in the same medium to a concentration of lo8 cells/ml. In both patients with DS and controls, 30 +. 5% of these cells were MP and the rest were lymphocytes using Wright and confirmatory peroxidase and Naphtol AS-D chloroacetate esterase stains for cell differentiation (23) . Cell viability was above 95% by trypan blue dye exclusion.
Production of chemotactic and chemokinetic factors. A single batch, pooled (10 donors) human fresh AB Rh+ serum (kept frozen in 3-ml aliquots at -70°C until used) was used throughout the experiment. On the day of the experiment two aliquots-were thawed in a water bath at 37OC and 4 mg of zymosan per ml (Sigma Chemical Co., St. Louis, Mo) were added to one of the samples and processed by the method of Ward (33) [ZAS]. CS was prepared by heating the second serum aliquot at 56OC for 30 min before the addition of zymosan.
Preparation of agarose plates. The chemotaxis-under-agarose method as described by Nelson et al. (21) was employed using 60 x 15 mm plastic tissue culture dishes (3002, Falcon, Oxnard, CA) and 10% human albumin added to the 5 ml agarose (Sigma Chemical Co., St. Louis, MO) of each plate. For the chemokinetic assays, 1.6 ml of ZAS or CS was homogeneously added to the agarose. For the chemotactic assays six series of three radially disposed wells, 3.0 mm in diameter and spaced 3.0 mm apart, were cut into each plate using an ad hoc plexiglass template. For the chemokinetic assays, six hexagonally arranged wells, spaced 10 rnm apart, were cut in each plate using the same plexiglass template. The resulting agarose plugs were carefully removed using a hypodermic needle.
Chemotaxis. The center well of each three-well series received 10 p1 of the cell suspension, the inner well 10 p1 of ZAS and the outer well 10 p1 of CS. The dishes were incubated on a level platform for 18 h at 37OC in a humidified atmosphere containing 5% COz in air. Cells were fmed with the agarose in place by the addition of 3 ml of absolute methanol for 30 min followed by 30 min in 3 ml of 47% buffered formalin. The gel was removed intact after fmation and the dishes were gently washed with phosphate buffered saline pH 7.4, stained with Wright's stain and air dried. Some plates were also peroxidase-stained for cell evaluation (23).
The migration patterns were projected onto a white background using a photographic amplifier (Beseler, East Orange, NJ) so that the diameter of the projected wells measured exactly 2.0 cm. Migration was quantitated by measuring (in mm) the distance the leading front of the cells had moved from the margin of the well towards the well containing ZAS (distance A = chemotaxis), or towards the well containing CS (distance B = random migration) along a line crossing the center of the three wells. Each cell sample was assayed by triplicate, the measurements were averaged, and the chemotactic index (A/B) was calculated for each cell sample
. Chemokinesis. Each well on the chemokinetic plates received 10 p1 of the cell suspension. Incubation, fixation, staining, and amplification proceeded then as in the chemotactic assays. Regular rings of cell migration were formed around the wells, and the distance from the margin of the well to the cell front moving outside along the radius of the plate running through the center of the well was measured. Each cell sample was assayed by triplicate, the results were averaged, and the chemokinetic index (migration in ZAS-containing agarose/migration in CS-containing agarose) was calculated (3 1).
Statistical analysis. The Pittman test was used for nonparametric statistical analysis of the results (29) .
RESULTS
Random migration of MP from patients with DS (3.4 f 1.0 mm) was comparable to that of MP from control children (3.6 + 1.0 mm) (Fig. 1) . On the other hand the chemokinetic index of MP from patients with DS (2.2 + 0.2) was significantly (P < 0.001) higher than that of MP from control children (1.8 f 0.3). In contrast, the chemotactic index of MP from patients with DS (1.2 + 0.1) was significantly decreased (P < 0.001) when compared to that of MP from control children (1.5 f 0.2). Migrating cells, both in the chemokinetic and the chemotactic assays consisted primarily of MP, the lymphocytes remaining within the confines I 1
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of the well and as a small and regular rim at the agarose edge of the well.
Physical development of patients with DS or control children had no apparent effect upon MP random migration, chemokinesis, or chemotaxis (the latter shown in Fig. 2) , nor was there any correlation between these cell-mobility parameters and age or sex of the subjects included in this study. Furthermore there were no differences in physical development, age, or sex regarding the numerous overlapping DS and control subjects found in the chemokinesis and chemotaxis results.
DISCUSSION
Chemotaxis-under-agarose of MP from patients with DS towards complement-derived chemotactic factors (ZAS) was significantly decreased when compared to that of MP from normal agematched children. In contrast, random migration of MP from patients with DS was comparable to that of MP from normal children and chemokinesis was even increased with respect to MP of normal children. A similar defect in chemotaxis, in the face of normal random mobility, was found not only by Khan et al. (13) studying neutrophils from patients with DS using Boyden chambers, although chemokinesis was not evaluated in their experiments, but also by Bjorksten et al. (2) who only reported neutrophil chemotaxis in their study. These results suggest that the chemotactic defect observed in leukocytes from patients with DS may be a cellular one because the chemotactic signal (ZAS) was the same and adequate in these three studies. The possibility of an inhibitor of chemotaxis tightly bound to the cells cannot be ruled out, although the thorough washing of the cells appears to argue against this hypothesis. Furthermore, our study and that of Khan et al. (13) also support the concept that chemotaxis and random mobility (and its enhanced version, chemokinesis) can operate independently from each other (35) . That the chemokinetic indices exceeded the chemotactic indices in our study is a striking, yet not The assays were performed with a mixture of MP and lymphocytes, but our results reflect primarily MP chemotaxis because the lymphocytes, although mobile in Boyden chambers towards C5a (8) , apparently do not enter far enough the narrow space beween the agarose and the bottom of the plastic dish (21) .
This defect in MP chemotaxis in patients with DS may contribute not only to their increased susceptibility to infections, particularly of the respiratory tract (22, 28) , but may explain other immunologic abnormalities as well. The MP plays a n important role in both the afferent and the efferent pathways of the immune response (5). In both functions prompt arrival at the critical scene is essential. Poor MP migration may compromise the complex cell interactions required for antibody production (26, 32) , and patients with DS have been repeatedly shown to have abnormal antibody responses to some antigens (18) , although their IgG and IgA levels may be normal or high and their IgM levels normal or somewhat diminished (27, 30) . Impaired MP chemotaxis, even in the face of increased chemokinesis. mav also contribute to the NORMAL UNDERDEVELOPED NORMAL UNDERDEVELOPED abnormal delayed hypersensitivity skin &actions observed in patients with DS (16, 17) . Chemotactic signals more relevant to such reactions (i.e., lymphocyte derived chemotactic factor) (I) remain, however, to be evaluated. The nature of the chemotactic defect in leucocytes of patients with DS is not clear, but may be tentatively attributed to intrinsic cellular abnormalities (I I, 12, 20, 24, 36) , or shifts in the migrating subpopulations of leukocytes (9) . Defective leukocyte chemotaxis in another chromosomopathy, namely monosomy-7, has been related to a decrease in high molecul& weight surkace glycoproteins ( 10) .
Age, sex, or physical development did not seem to influence MP mobility in our study. With respect to age, our results seem to be at variance with those of Klein et al. (14) , who found that MP under-agarose chemotaxis in normal children was clearly agedependent, with values increasing with age. But their population age-range was wider than ours and the age-dependent effect upon chemotaxis was more noticeable from 6 years onward, yet our oldest patients were only 7 years old.
In conclusion, the MP chemotactic defect, by diminishing the rapidity and quality of inflammatory reactions and therefore the efficiency of cell interactions in immune responses, may contribute to the increased susceptibility to infection in patients with DS.
